The potential of using cellulose to reinforce the thermal stability of kenaf derived cellulose (KDC)/polylactic acid (PLA) composite was investigated in this study. The cellulose was derived from kenaf bast fibre which was chemically treated via chlorination and mercerisation processes. The composites with various loadings of cellulose (dry weight basis) ranging from 0% to 60% were produced by melt mixing and compression moulding. Dynamic mechanical properties namely storage modulus (E'), loss modulus (E") and tan δ of the KDC/PLA composites and the commercial PLA were analysed and compared as a function of temperature. ESEM micrographs demonstrated that the mercerisation of kenaf fibres have successfully removed the lignin and hemicellulose, thus producing cellulose which can be observed by its rougher surface and greater size reduction than the raw fibre. The DMA results demonstrated that the storage modulus of 60% KDC/PLA composite is twice higher than the commercial PLA and the rest of the composites within a high temperature range (above 80°C). The glass transition temperatures (T g ) generated from the loss modulus curves exhibit that the peak of the loss modulus was shifted to higher temperature as the percentage of the cellulose loading was increased. These results show a better thermal stability of the composites when incorporated with the cellulose.
Nowadays, the utilisation of biodegradable polymers especially in packaging application has become popular due to its environmental benefits and the growing economic pressure to reduce the dependence on petroleum-based resources. These are among the deliberating issues for a successful packaging policies development [1] .
Biodegradable polymers possess several advantages such as biodegradability, low gas emission and renewability of the raw material. In packaging application, these polymers offer comparable properties as traditional petroleum-based polymers such as polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyethylene terephthalate (PET) [2] . Among the biodegradable polymers, PLA is one of the most widely used and has received much attention in composite's research and development area [3] . PLA is thermoplastic polyester which comprised of lactic acid monomers that was derived from renewable resource (i.e. corn, sugar beet and wheat). It is produced either via ring opening polymerisation of lactice or by polycondensation of lactic acid monomers [4] . PLA offers good packaging properties such as strength, clarity, glossy, safe and UV stability [2] . Nevertheless, the brittle characteristic of PLA limits the effort to diversity its application in some area. One of the ways to improve the brittleness and rigidity of the PLA is by adding natural fibres as reinforcement [5] [6] [7] . The advantages of combining natural fibre with biodegradable polymer have been well known as environmental friendly and much low cost per volume.
In Malaysia, the government has replaced tobacco with kenaf ( L.) crop since its export is very demanding due to the versatility of the kenaf fibre [8] . For example, long kenaf fibre (bast) has a great potential to be reinforced with polymer due to its own high strength properties [9] . The chemical composition of the kenaf fibres consist of mainly cellulose, hemicelluloses and lignin whereby the amount of cellulose in the bast is more than the core [10] . However, the main drawback in combining these materials is their low compatibility due to the hydrophilic and hydrophobic characteristic of natural fibre and polymer respectively. Thus, modification of the natural fibres via chemical treatment was done in this study since it has been proven to increase the interfacial adhesion between the fibres and the matrix [6, [11] [12] . Mercerisation is a chemical process of subjecting natural fibres to an interaction with a relatively strong base aqueous solution to produce sufficient swelling by removing waxy materials, lignin, hemicelluloses and impurities [13] . Cellulose which can be obtained from cotton or derived from natural fibres is widely used as a starting material for the production of regenerated fibres such as rayon, microcryatalline cellulose (MCC) and cellulose derivatives [14] . However, there is only few literature on pure cellulose reinforced with polymer [15] .
To date, cellulose has successfully been derived from natural fibre, while the combination of cellulose/polymer composites has possessed good mechanical properties [16] . However, there is still lack of study on the dynamic mechanical properties of cellulose reinforced biodegradable polymer composites. Dynamic Mechanical Analysis (DMA) has become widely used thermal properties test in determining the viscoelastic characteristic of molten polymer system. Thus, the aim of this paper is to study the dynamic mechanical properties of KDC/PLA composites so as to obtain better material performance compared to commercial PLA.
Commercial PLA 2002D resin was purchased from NatureWorks LLC, USA. Kenaf bast fibre was supplied by the Institute of Tropical Forestry and Forest Products (INTROP), Malaysia. Reagent grade sodium hydroxide (NaOH), acetic acid (CH 3 COOH) and sodium chlorite (NaClO 2 ) of 80% purity were purchased from Fisher Chemicals Sdn. Bhd., Malaysia.
The preparation of the KDC involves two steps. The first step was the production of holocellulose via chlorination or bleaching process. The second step involved the conversion of the holocellulose through mercerization process. The details of the procedure have been reported elsewhere [17] . Prior to the mixing, KDC was dried in an oven at 105°C for 12 hours to remove the moisture content. The dried KDC was ground into smaller size and passed through a 500µm sieve to obtain a uniform size. KDC/PLA composites with various percentages of KDC loadings (0-60%) were prepared at 170°C and 30 min via internal mixer. Meanwhile, the moulded composite sheet was produced at 160°C for 10 min via hot press machine.
The characteristic of kenaf fibre and cellulose was observed and analyzed via Environmental Scanning Electron Microscope (ESEM) Philips XL30, Holland under acceleration of 20 kV. Each sample was coated with gold for 30 min to improve its surface conductivity. Dynamic mechanical analysis (DMA) measurement was carried out via TA Q800 Dynamic Analyzer, UK using dual cantilever mode. The samples were subjected to an oscillatory deformation with a frequency of 1 Hz and heated from room temperature 25°C-100°C under controlled scan rates of 5°C/min.
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The ESEM micrographs of kenaf fibre and cellulose are depicted in Figure 1 . Generally, the major differences between kenaf fibres and cellulose micrographs are the diameter size of the fibres and the surface topography. The cellulose represents almost triple times smaller in diameter as compared to the kenaf fibre with approximately 71% reduction. This is attributed due to the fibre fibrillation prior to mercerisation whereby the fibre bundle was broken down into a smaller fibre and thus, increases the aspect ratio [18] . Besides, the kenaf fibre demonstrated smoother surface than the cellulose, and this was due to the presence of lignin and waxy substances. In general, lignin, pectin and waxy substances covering the surface of the natural fibre cell wall would be removed after an alkali treatment [19] . The rough surface topography of cellulose was probably attributed to the removal of the interfibrillar materials which comprised of hemicellulose and lignin [20] [21] . This is in line with the finding which derived by FTIR as in our previous study [17] . In addition, it could be observed that the microfibrils were almost revealed on the surface of the cellulose and thus, contributed to the roughness matter. The temperature dependence of the storage modulus, loss modulus and tan δ of the neat PLA and KDC/PLA composites were presented in Fig 2. Fig 2A demonstrates that the presence of KDC increased the storage modulus of PLA. This might be due to the stiffness characteristic of the reinforcement that allows greater degree of stress transfer at the interface [7] . Further increase in the storage modulus was also observed with increasing KDC loading. From Fig. 2A , both the storage modulus of neat PLA and KDC/PLA composites were decreased with increasing temperature. A significant fall in the storage modulus was noticed at temperature of 50-70°C, which also corresponds to the glass transition region. The reduction in storage modulus as a function of temperature is related to the increased in the viscosity and polymer chain mobility or the softening effect of the matrix [22] . Interestingly, at higher temperature (above 80°C), the 60% KDC/PLA composite demonstrated the highest storage modulus. This is due to the restriction in chain mobility of the matrix with the composite remains stiffer and the matrix flow is restricted. According to Soom and co-workers [23] , the thermal properties of the cellulose were reported to be resistant to heat than the holocellulose and native fibre. This is because the cellulose is thermally stable and thus, more heat energy is required to break down its crystalline structure and bonds. The presence of reinforcement and/or crystalline structure may also act as a physical crosslink, deacreasing mobility of amorphous regions and increasing the composite stiffness [24] .
As seen in Fig. 2B , the α relaxation was observed and this relaxation is associated with the chain segment mobility in the crystalline phase. The effect of polymer chain mobility could be clearly explained based on the glass transition temperature, T g that had been obtained from the peak of the loss modulus curves (Fig. 2B) [6] . The incorporation of the KDC into PLA matrix has enhanced the T g value whereby the loss modulus peak was shifted to higher temperatures with increasing KDC. By incorporating filler into the matrix there will be some reduction in chain mobility and thus, higher T g were obtained [7] . Besides, this is also attributed due to the segmental immobilisation of
the matrix chain at the filler surface [24] , whereby the rough surface topography of the cellulose might contribute to a good mechanical interlocking between the cellulose and PLA matrix. As seen in Fig 2B, it was found that the composites exhibit higher loss modulus at the transition region except for 60% KDC/PLA composite. This is probably due to the presence of a genuine interface as suggested by John and co-worker [25] . The ratio of the loss modulus to storage modulus is measured as the tan δ or damping properties. The variation of the tan δ as a function of temperature is represented in Fig. 2C . Tan δ is an indicator of how efficient a material loses energy to molecular rearrangements and internal friction [26] . The damping peak of composites above 50% KDC loading showed a decrease magnitude in comparison to neat PLA. Whereas, the tan δ increased sharply at low KDC loading. This might be attributed due to the restriction of the molecular movement of polymer chain at higher KDC loading. By adding more KDC, the molecular mobility of the matrix decreased and the mechanical loss is reduced. This is because less energy is required to overcome the frictional forces between the molecular chain. Besides, a good interface between the filler and matrix could bear greater stress and less energy disipation [26] [27] . In this paper, the significant morphological differences between kenaf fibre and cellulose were observed via ESEM. The cellulose has rougher surface and smaller diameter than the kenaf fibre. These differences are believed due to the removal of cementing materials namely lignin and hemicellulose. DMA results of the composites demonstrated higher storage modulus at higher KDC loading. Interestingly, the 60% KDC/PLA composite can withstand high temperatures and twice higher than the storage modulus of commercial PLA. Higher T g value of the composites as compared to the neat PLA exhibited the effectiveness of the mercerised fibre as a reinforcing agent and consequently enhanced the thermal stability of the composites.
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